AD=A090 033 MASSACHUSETTS INST OF TECH CAMBRIDGE LAB FOR COMPUTE~-~ETC F/6 972

XLMS: A LINGUISTIC MEMORY SYSTEM» (U}
SEP 80 L B HAWKINSON N00013-75-C-0661
UNCLASSIFIED MIT/LCS/TM-173

Vo !
03

END
oure
(e
1180
otic




| el MASSACHUSETTS
LABORATORY FOR INSTITUTE OF
COMPUTER SCIENCE TECHNOLOGY

MIT/LCS/TM-173

ADA090033

September 1980

This research was supported by the Advanced Research

Projects Agency of the Department of Defense and was -

monitored by the Office of Naval Research under

. Contract No. N00014-75-C-0661 3

E’ ‘1\

Q. "

u.l"

—J 545 TECHNOLOGY SQUARE, CAMBRIDGE, MASSACHUSETTS 02139

i

P .
-




SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

! ]

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

[T REPORT NUMBER 2. GOVT ACCESSION NO.|
MTT/LCS/TM-173 - /]E P70 £33

3. RECIPIENT'S CATALOG NUMBER

i inntacic ey sy J/

4. TITLE (and Subtitie)
e e vmirm e s < e

5. TYPE OF RCPORT & PERIOD COVERED

{

™~

\‘-'
N

6. .LEAEQRMING QRG., BEPORT NUMBER
MIT/I.CS/IM—Uﬁ i

y oz, ikinson]

|

7. AUTHOR(s)

8. CONTRACT OR GRANT NUMBER(s)

>

I cnnetre o o sameam et

pr014—75-fﬁglj -

ot o o A ks 0t =

i

9. PERFORMING ORGANIZATION NAME AND ADDRESS
/%..aboratory for Conmputer :

545 Technology Square -
Cambridge, MA 02139

AREA & WORK UNIT NUMBERS

T ———————
10. PROGRAM ELEMENT. PROJECYT, TASK

1. CONTROLLING OFFICE NAME AND ADDRESS

ARPA/Department of Defense
1400 Wilson Boulevard

\
J

.
~~
(\‘ -

P
55 F PAGES \//y 56

Arlington, VA 22209
- MONITORING AGENCY NAME & ADDRESS(/f different from Controlling Office)

ONR/Department of the Navy
Information Systems Program
Arlington, VA 22217

18. SECURITY CL ASS. (of this report)

Unclassified

[ 15a. DECL ASSIFICATION/ DOWNGRADING
SCHEOULE

16. DISTRIBUTION STATEMENT (of this Report)

its distribution is unlimited

This document has been approved for public release and sale;

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, if ditferent from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse slde i1 necessasy and identily by block number)
knowledge representation
semantic network
lingquistic memory

20. ABSTRACT (Continue on reverse side I necessary and identily by block number)

‘of IMS, intended primarily for experimental use. .

. 3 IMS (“Linguistic Memory System”) is a knowledge representation formalism
particularly designed for representing knowledge that can be straightforwardly
expressed in natural language. Fundamentally, it is a semantic network
formalism, a formalism for managing interconnected objects in a highly-
organized, network-like memory. XIMS is a particular LISP-based implementation

N

DD ., 0" 1473}( ZOITION OF | NOV 68 S OBSOLETE

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

g ( ‘¢ ?




- w oy 4 i

—— ! : N e . T

SECUMTY CL ASKIPICATION O% Tuia Dw. Date Sntered)

T

SRCURITY CLASBIPICATION OF Tuis P AGE(When Date Butered)




XLMS: A Linguistic Memory System

Lowell B. Hawkinson

Abstract. LMS ("Linguistic Memory System”) is a knowledge
representation formalism particularly designed for representing knowledge
that can be straightforwardly expressed in natural language.
Fundamentally, it is a semantic network formalism, a formalism for
managing interconnected objects in a highly-organized, network-like
memory. XLMS is a particular LISP-based implementation of LMS,
intended primarily for experimental use.

Key words: knowledge representation, semantic network, linguistic
memory.

This report describes research done at the Laboratory for Computer
Science of the Massachusetts Institute of Technology. This research was
supported by the Advanced Research Projects Agency of the Department
of Defense under Office of Naval Research Contract number
NO0O0014-75-C-0661.

o Bt G e e o e

et ey = e e i o

T
S5 A e Ky




Acknowledgements. 1 want to thank all those who have used the various
implementations of LMS that have existed over the past several years.
The feedback received from that usage has contributed greatly to the
design of XLMS as here documented, and has served to inspire a new
variant of LMS called PREP, which is now undergoing development.
Those whose contributions deserve particular mention include: William A.
Martin, Peter Szolovits, Glenn Burke, Gretchen Brown, William J. Long,
William Swartout, Ramesh Patil, Byron Davies, and John H. Thompson.
Most of all, [ wish to thank Prof. Martin for his continued support and

encouragement of this work, and for his substantial contributions to its

content. All of its deficiencies, 1 should note, are solely my own
responsibility.

August 1980

Ceaed A giAl - ad




5 ey e Y N R v R A, P

PRSIy

L. INtroduction ........eooiiviiiiiiiiiiiniiiniiieneiossnessensecaonnns

CONTENTS

2. LMS Notation .........coviiiieniniiiiiinnininiinenicnsicesanies 3
2.1 Double-Quoted Spellings ...............covvniiuvinieninnnnns 3
22 Labels ...ccooviiiiiiiiiiiiiiiirsre e rae 4
2.3 Parenthesis-Delimited Expressions ................coceeuues 5
2.3.1 Primitive Tie Letters .............cooveveiiiinenininennns 6
24 EQUAtiONS ......ocooiiiiiniiniiineiinessiieenininnsstsoneanns 6
2.5 Square-Bracket-Delimited Expressions ..................... 7
2.6 Complexes ........cccoueveviiiiiiininiinriiierneenriesiaennns 7
2.6.1 Attachment Specifications ..............c..ccveveeiinneens 8
2.6.2 Anaphoric Abbreviations .............c.coooeiiiiinnn. 10
2.7 Itemizations ............ccccevviiiiiviiininiinicicinennen, 11
2.8 Computational Expressions .............coccovuvenvneinnns 12
2.9 Absorption Forms ............c.ccovveuveniennninincennnns 13
3. Basic LMS Operators ...............cocvvviiviinrecinioesinninne 14
3.1 Operators Pertaining to Concepts ....................... 15
3.1.1 The c Relation and Operators that Use It ........... 16
3.1.2 Operators that Look For Concepts .................... 19
3.2 Operators Pertaining to Attachments ................... 21
3.2.1 Operators that Get or Look For Attachments ....... 22
3.2.2 Operators Pertaining to Value Zones .................. 23
3.2.3 Operators Pertaining to Attachment Relations ....... y) )
4. Specialized LMS Operators ...........cccccoeveviiiernenncnnnans 26
4.1 Operators Pertaining to Sequences and Seq. Fragments 26
4.2 Low-Level Operators Pertaining to Nodes .............. 30
4.3 The Canonical Ordering of Nodes ....................... 3
4.4 Operators Pertaining to Atomic Symbols ............... 36

4.5 Operators Pertaining to Numerically Labeled Concepts 37

LAY VR

AR A S NN,

v A WO




Appendix I. BNF Summary of LMS Notation ................... 40
Appendix II. The MACLISP Implementation of XLMS ......... 44 |
Index ............. erseesersenesensensssesenssessenssnssssscsese 4T 1

A ALY

e Y reac 2ot




-—-

P

1. Introduction

LMS ("Linguistic Memory System") is a knowledge representation
formalism particularly designed for representing knowledge that can be
straightforwardly expressed in natural language. LMS may be viewed as
a notational formalism, but is, more fundamentally, a semantic network
formalism, a formalism for managing interconnected objects in a
highly-organized, network-like memory. XLMS is a particular LISP-based
implementation of LMS, intended primarily for experimental use.

The predominant type of object in an LMS memory is the concepr. A
concept has three essential components, known as the ilk, tie, and cue,
which are its immediate constituents. The ilk and tie of a concept must
themselves be concepts, while the cue may be either a concept, a
sequence, a sequence fragment, or an atomic symbol.

A sequence is an object in an LMS memory, the elements (and
immediate constituents) of which may be concepts, sequences, sequence
fragments, and/or atomic symbols, arranged in some particular order. A
sequence fragment is like a sequence, but is notationally and operationally
distinct; it exists primarily to provide a "taxonomic structure” above
sequences. Both sequences and sequence fragments may have any
number of elements. The null sequence is distinct from the null sequence
fragment.

In XLMS, concepts, sequences, and sequence fragments are all
implemented in terms of a more primitive type of object, the node. A
node has two essential components, known as the genus and specializer,
which are irs immediate constituents. The genus of a node must itself be
a node, while the specializer may be either a node or an atomic symbol.

The following two constraints apply to all concepts, sequences,
sequence fragments, and nodes in a particular LMS memory on a
particular occasion.

(1) No two objects of one of these types may have the same
combination of immediate constituents in the same order. Therefore, the
immediate constituents of such an object, appropriately arranged, may
serve as a proper name for it: something that identifies the object
uniquely within memory, and thus provides a basis for locating it and
notating it.

(2) No such object, except for summum-genus, may be a constituent
of itself. (The constituents of an object are its immediate constituents
plus all constituents of its immediate constituents.) The concept
summam-genus is its own ilk, tie, and cue.

i et SR i - e




2

In addition to their essential components, concepts, sequences, and
sequence fragments, as well as other (incidental) nodes, may have any
number of objects attached to them. Associated with each attachment is
an attachment relation, which indicates how the attached object relates to
what it is attached to. Attachment relations are objects of a special

type.

In addition to the above-described kinds of objects, XLMS also
manages atomic symbols, though only insofar as they are used for various
special purposes within XLMS--see the section entitled "Operators
Pertaining to Atomic Symbols".

An important aspect of XLMS is LMS notation, a notation for objects
and attachments. Concepts, sequences, sequence fragments, and nodes all
have at least one form of notation that makes use of the fact that their
immediate constituents, appropriately arranged, properly name them.
Also, any object in an LMS memory may have any number of labels
assigned to it. A label is a syntactically simple proper name assigned to
an object solely for purposes of notation. Sometimes, in processing LMS
notation, it is necessary to assign a label provisionally to a dummy node,
a special type of object that is nos a node, but may later turn into one.

LMS was originally developed as a fundamental component of the
OWL system. Discussions of the theoretical background of LMS, in the
context of OWL, may be found in Hawkinson [4], Martin [7-9]}, and
Szolovits et al {11} LMS has been used in several "knowledge-based"
application areas, including dialogue processing [1], computer program
writing [6], and drug therapy recommendation [10}.
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2. LMS Notation

LMS Notation is a notation for objects and attachments. Every
expression in LMS notation represents some object, though any given
object (in a memory) may be represented by many different notational
expressions.

When an LMS notational expression is absorbed by LMS, each object
and attachment represented therein is created in memory as soon as it is
determinable from its representation (which may be immediately, at some
future time, or never), if it does not already then exist. A represented
object or attachment is not yet determinable if its representation includes
an as-yet-unassigned label, whether directly or via an "anaphoric
abbreviation"; see below. We speak of absorbing rather than reading
LMS notation, because LMS notation, unlike LISP notation, cannot
always be absorbed when it is read. In particular, LMS notation cannot
be absorbed at compile time in the MACLISP implementation of XLMS,
because nodes cannot be created at that time.

LMS notation is unrelated to LISP notation, except in that each can
appear (properly delimited) within the other. Whenever LMS notation
appears within LISP notation, it must be delimited by square brackets.
Conversely, LISP notation can appear within an LMS notational
expression only as (or as part of) the body of a "computational
expression” (see below).

This chapter presents the syntax of LMS notation somewhat
informally. A more precise account is given in the appendix entitled
"BNF Summary of LMS Notation".

2.1 Double-Quoted Spellings

All atomic symbols (except for LISP’s nil-see below) have LMS
notational  representations as  dowble-quoted  spellings. Any
"normally-spelled” atomic symbol except nil may be represented in LMS
notation by its spelling enclosed in double quotation marks, e.g., “fire”,
"M.LT.", “two-o'clock”, "52". (A normal spelling is a non-null string of
letters, digits, hyphens, periods, and apostrophes. Letters in normal
spellings are not distinguished by case, font family, face, or size; thus, for
example, “fire”, “Fire", and “FIRE" - all represent the same
normally-spelled atomic symbol. In XLMS, letters in normal spellings are
represented by ASCII codes for upper-case letters, and also by atomic
symbols corresponding to upper-case letters.) Also, any atomic symbol,
whatever its spelling, may be represented in LMS notation by: two double
quotation marks, followed by the spelling with any double quotation
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marks therein doubled, and terminated by a double quotation mark.
Examples of this second format are ""Thank you.", "a+b", and ™",
the last representing the atomic symbol whose spelling consists of a single
double quotation mark.

Note that in addition to its double-quoted spelling representation(s), all
atomic symbols except LMS’s "nil" have LISP notational representations,
e.g., fire or [Thank you|, that do not involve square brackets. (LMS's
"nil” is distinct from LISP’s nil to avoid not-found/nil-found
ambiguities. In other words, LISP’s nil is not used for "nil" so-that nil
can be used as an unambiguous not-found value by an operator that
might actually find and return "nil".)

2.2 Labels

Labels in LMS are similar in purpose and use to labels in an "assembly
language”. A label is a name assigned to an object solely for the purpose
of representing it in LMS notation. Global (globally scoped) labels must
be normally spelled, whereas /ocal labels (not yet supported in any ]
implementation of XLMS) must be normally spelled except for a prefix $. b
An object may have any number of labels assigned to it, though most
objects will have no label at all.

If a label, say foo, has been or will be assigned to an object x, then
foo (or Foo or FOO, since letters in label spellings are not
case-distinguished) may be used as an LMS notational expression for x.
A label may get assigned to a particular object as an immediate or
eventual consequence of the absorption of an equation that defines that
label, as discussed subsequently in the section on equations. Although a
label may be assigned to any object, it is expected that most labels will
f be assigned to nodes; in fact, when XLMS must commit itself as to what
" type of object an as-yet-undefined label represents, it will always expect a
node of some kind to be the eventual assignment. Note that it is very =
common for a concept with an atomic symbol cue (or for a node with an -
atomic symbol specializer) to have a label of the same spelling as its cue .
(specializer).

A numeric label (a label that is spelled like a number, e.g., 17, -235.6,
and 1.23E-S) is distinctive as far as assignment is concerned in that it is
intrinsically assigned to some particular "numerically labeled concept”,
whose immediate constituents are determined by XLMS.! A numeric

! Incidentally, note that a given number might be represented by many distinct
concepts, to say nothing of other objects, within an LMS memory,
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label need never be explicitly assigned, but when it is explicitly assigned,
it must be assigned to its implicit as:.snment.

2.3 Parenthesis-Delimited Expressions

Any node whatever’ may be represented in LMS notation by a
parenthesized pair, an expression of the form (genus specializer), where
genus and specializer are LMS notational expressions for the the node’s
genus and specializer, respectively. For instance, if the genus and
specializer of x are labeled foo and bar, then (foo bar) may be used to
represent x in LMS notation. Note that genus and specializer are usually,
often necessarily, separated by a space.

A concept may be represented in LMS notation by an expression of
the form (ilk*tie cue) or (ilk *tie cue),® where

ilk is a label, an anaphoric abbreviation, or a delimited LMS
notational expression* for the concept’s ilk;

tie is a letter, a label, or a delimited LMS notational expression for
the concept’s tie; and

cue is any LMS notational expression for the concept’s cue.’

For excmple, (dog*s bull)® is an LMS notational expression for a concept
that might well represent the species of dog referred to in English by
"bull dog".

2 Note, however, that representing a concept node in this way is not sufficient to
indicate that it is 8 concept. See a later footnote in this section.

3 A space (or equivalent--see befow) is allowed before the ssterisk so that a line
break may occur there. This is especially useful when i/k is a large expression.

4 A delimited 1LMS notational expression is one that is delimited by matching
parentheses or square brackets.

3 The concept (ilk¥tie cue), where tie is not a letter, is implemented in XLMS ss the
node ((ik tie) cué), marked so ss to distinguish it ss a concept node, Where fie is a
letter, (ilk*tie cue) is implemented as the marked node ((i/k [*fie]) cue). No sssurance
can be given, however, that ((ilk tie) cué) will not at some point be changed, even in
XLMS, to, say, (ilk (tie cue)).

6 Or (dog, bull), since in formal publications, (iketie cwe) could also be written
(”kﬂl cwe).

i
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2.3.1 Primitive Tie Letters : i
:

When tie is a letter in an expression of the form (ilketie cue) or (ilk
%sie cue), it designates a concept that serves as a primitive tie. Primitive .
tie letters are not case-distinguished; thus *s and *S both designate the ]
same primitive tie. The primitive ties that are predefined in XLMS are R

as follows.

L‘ * species
ot stereotype
* individual

k *r role-in
*u unique-role-in
*a appositive
of function
*p partitive

Additional primitive ties may be defined; see the description of define-
primitive-tie.

A primitive tie may be represented per se, in either LISP or LMS
notation, as [*/errer]. Thus, for instance, {*r] is both a LISP and an LMS
notational expression for the role-in primitive tie.

2.4 Equations

An equation is of the form a = b, where a and b are LMS notational
expressions. An equation asserts that each of its sides represents the
same object, i, it is an eq assertion.” An equation may be used as an
LMS notational expression for the object (in memory) represented by
each of its sides, as is the case, for example, in (president®u US., = ,
(country*l "U.S.)). |

When an equation with a label on either side is absorbed, the label is
thereby defined, which means that it will be assigned to the object
represented by the other side of the equation as soon as that object is
determinable, if ever. (Recall that a node represented in terms of labels
is determinable only after all those labels have been assigned.) Where
both sides are labels, this rule applies to each of the labels individually.
If an as-yet-undefined label has been absorbed as an LMS notational
expression, or if the ultimate assignment of an already-defined label is
not yet determinable, the label will have been provisionally assigned to a

’eq is the primitive LISP predicste that tests whether its two operands both
represent the same object in memory.
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dummy node. A dummy node is nor a node, but may, under certain
circumstances, furn into a node that will be some label’s uitimate
assignment.

When the left side of an equation is a global label and the right side is

a parenthesis-delimited expression in which the specializer or cue

subexpression is to represent the atomic symbol of the same spelling as

the global label, then that specializer or cue subexpression can be written

" (pronounced "ditto"). Thus, for example, apple = (frnlt‘s “apple”™)
may be abbreviated to apple = (fruit*s ™).

2.5 Square-Bracket-Delimited Expressions

Any object may be represented within LISP or LMS notation by
enclosing an LMS notational expression for it in square brackets. A
square-bracket-delimited expression appearing in LISP notation typically
represents an object that can be directly (or LISP-dialect-independently)
represented only in LMS notation: a concept, a primitive tie, a sequence,
an attachment relation, the LMS atomic symbol "nil”, an object
represented as an absorb-time computation, an atomic symbol with one
or more unusual characters in its spelling, etc. On the other hand,
square-bracket-delimited expressions appearing in LMS notation are
typically bracketed for the same sorts of reasons that lead one to
parenthesize mathematical subexpressions: for clarity; for marking
subexpressions that would not (or might not) be read as subexpressions
because of precedence rules; and for overcoming specific syntactic
restrictions, e.g., that which disallows an (unbracketed) equation as i/k or
tie in an expression of the form (i/k*sie cue).

Note that nodes, like atomic numbers, "evaluate to themselves" in
LISP and thus need never be quoted in LISP code. Hence, [144]),
[(dog*s bull)}, and [*s] are well-formed LISP forms.

2.6 Complexes

An extension of the square-bracket-delimited form for representing
objects permits the representation of attachments. (It also allows,
somewhat incidentally, an arbitrary number of not-necessarily-related
objects to be separately represented within a single LMS notational
expression.) For example,

[blue c#te (color*r sky))




asserts that (color®*r sky) is to be a jte attachment on blue, and that
blue is to be a #c¢ attachment on (color®r sky), where #c and #fe are
"attachment relation names"-see below.

An expression of the form*

[subject a9y ag -
attachment-specification; a;, a;, ..
attachment-specification, ay, ay, ...

is called a complex, where subject and the a; (of which there must be at
least one) are LMS notational expressions, and where each attachment-
specification; (if any) specifies one-way attachment, two-way attachment,
or non-attachment, as described below. Whether it appears in LMS or
LISP notation, a complex represents what subject represents—some object
s, say-and also asserts, for each a; for which artachment-specification;
exists and is other than just #, that the object represented by a;; is to be
an attachment on s and/or vice versa, see below for further details. Note
that all/ the a;; are absorbed when the complex is absorbed, even those (if
any) for which either i = O or attachment-specification; = #.

2,6.1 Attachment Specifications

An attachment specification is either an attachment relation name, a
reverse-attachment specification, a two-way attachment specification, or
#. An attachment relation name consists of a # prefixing either a single
letter or a normal spelling of three or more characters, eg. #c or
#tcharacterization. A reverse-attachment specification is like an
attachment relation name except that the # appears as a suffix, e.g. e#
or exemplar#t. A rwo-way attachment specification consists of either (1)
a reverse-attachment specification overlapping an attachment relation
name in such a way that they share a single #, eg effc or
exemplaritcharacterization, or (2) a # prefixing two letters, each of
which is the letter in some single-letter attachment relation name, e.g.

f#kce (which is equivalent to e#c). Note that letters in attachment
specifications are not case-distinguished.

8 The way in which an expression of this type is broken up into lines is irrelevant
to its interpretation. Like all LISP and LMS notational expressions, the complex may
have sny combinstion of spaces, tabs, line breaks, “semi-colon comments” (in
MACLISP), etc. inserted into it wherever a space is allowed or required A space is
sliowed, and often required, between sdjscent elements of s complex. See the "BNF
Summsry of LMS Notation” appendix for complete details.

-
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An attachment relation name used as (or as part of) an
attachment-specification; in a complex asserts that the objects represented
by the g;; that follow it are to be attached to what subject represents per
the named relation. Conversely, a reverse-attachment specification used
as (or as part of) an attachment-specification; asserts that what subject
represents is to be attached to each of the objects represented by the g
per the corresponding relation. Thus, for example,

[dog #tc barker carnivore e# barker carnivore)

asserts that the objects labeled barker and carnivore are to be attached
as characterizations to the object labeled dog, and also that the object
labeled dog is to attached as an exemplar to the objects labeled barker
and carnivore. Note further that either

[dog exemplaritcharacterization barker carnivore)
or
[dog e#tc barker carnivore)

would have the same effect on memory (after absorption) as the
preceding notational expression.

The attachment relations that are predefined in XLMS and are not
private? all have both single-letter and spelled-out names. They are as
follows.

#e #characterization

#e jtexemplar

#m $#tmetacharacterization

#x #tinverse-metacharacterization
#q jtequal

v ftvalue

i#tr #role-in

ith #thas-role

#1 #function

#a #tapplicable-function
#p jtpredicate-type

#k #Katz-feature

#s #syntactic-name

#n j#semantic-name

9 The attachment relations used privately by LMS will not be discussed here, except
incidentally, since anything private is subject to change without notice.

.
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Additional attachment relations may be defined; see the description of ’
k declare-attachment-relation. .

An attachment relation may be represented in either LISP or LMS
notation by enclosing an attachment relation name for it in square
brackets. Thus, both [#c] and [#characterization) are LISP and LMS
notational expressions for the jtcharacterization attachment relation.
Note that attachment relations evaluate to themselves in LISP and thus
need never be quoted in LISP code.

2.6.2 Anaphoric Abbreviations

Within the q; in a complex ¢, the subject of ¢ may be represented
anaphorically'® by some number of consecutive uparrows or colons. An
uparrow anaphor comsisting of n consecutive uparrows represents the
subject of the complex n levels up in the nest of square-bracketed
expressions in which it (the uparrow anaphor) appears. For example, in
the LISP form

(absord
[automobile
[(trunk®a ~)
[(interior*a *)
[(color*a *) #c (colorta ~~*)]D, y

the most deeply embedded square-bracketed expression is equivalent to
[(colortua (interlor*u (trunk®au automobile))) #c (colorta
automoblile)).

oS- R

The number of colons in a colon anaphor reflects how many levels of
square bracketing the subject being referred to is removed from the
outermost LISP-notation context. Thus a complex that is not itself
embedded in a square-bracketed expression may have its subject
represented as a single colon (:); a complex that is inside one set of
square brackets may have its subject represented as a double colon (::); a
complex that is inside exactly two pairs of square brackets may have its
subject represented as a triple colon (:::); etc. For example, in the LISP
form

‘n
§

10 A anﬂor is 8 syntactically simple reference to something expressed or implied
earlier, or higher up, in some structure. Pronouns, for example, are snaphors.
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(absorb
(automoblile
[(trunk®u :)
((Interiortu ::)
{(color*u :::) #c (color®u :)[JID,

: represents what automoblle represents, :: represents what (trunkta :)
represents, and ::: represents what (Interlor®u ::) represents.

Special abbreviations exist for certain LMS notational expressions
involving anaphors. An LMS notational expression of the form (&r a),
where a is an anaphor and b a label or delimited LMS notational
expression, may alternatively be written ba. Similarly, an LMS notational
expression of the form (/u q), where a and & are as before, may
alternatively be written bau. Finally, an expression of the form ((b*r
a)*l ¢), where a and b are as before and where ¢ is either a label other
than w, a delimited LMS notational expression, or a double-quoted
spelling, may be written bac. For example, ((wheel*r ::)*i left-front)
could alternatively be written wheel::left-front, and [(colorta ~) ¢
(colortu ~~)] could be written [color“u #¢ color”“u)

2.7 Itemizations

A sequence of more than one element may be represented in LMS
notation as an itemization

al. 02, oy Oy
where the a; are LMS notational expressions for the elements, in order.

A sequence of one element may be represented by a trivial itemization
[a), where a is an LMS notational expression for the element. (Square
brackets are not really part of a trivial itemization, but they are almost
always used, for clarity if not out of necessity.) The null sequence has
no representation as an itemization, but may be represented either by {]
or by the label null-sequence.

A sequence whose elements are nodes in canonical order'' may be
represented in LMS notation as an order-insensitive itemization a;, & a, &
... & a,, where the a; are LMS notational expressions for the elements /n
any order. An itemized set or "multiset” might well be represented
canonically in LMS in terms of a canonically ordered sequence of its
elements. By using an order-insensitive itemization, such a canonical set

11 See the section, in s later chapter, on the canonical ordering of nodes.




or multiset representation can be notationally expressed in terms of its
elements with no dependence on which permutation of its elements is
canonically ordered. For instance, (feature-set*i heavy & rough) and
(feature-set*l rough & heavy) are equivalent, whether heavy
canonically precedes rough or vice versa.

A sequence fragment of one or more elements may be represented in
LMS notation as an itemization

al. 02. very d,,, oos
where the a; are LMS notational expressions for the elements, in order,
and where the terminating ... is part of the actual LMS notation. For
example, 2, 3, §, ... represents the sequence fragment whose elements are

2, 3, and §, in that order. The null sequence fragment may be
represented by the label ....

In an itemization, none of the a; may be an equation, because the
comma or ampersand of an itemization has higher precedence than the
equal sign of an equation. Also, an ampersand has higher precedence
than a comma. Thus, for example, [a = b, ¢ & d] would be interpreted
as[a =[b,[c &d]]]

2.8 Computational Expressions

Any object x may be indirectly represented within LMS notation (or,
after adding square brackets, within LISP notation) as a computrational
expression: an LMS notational expression of the form !e, where e is a
LISP form in LISP notation that evaluates to x at absorb-fime (normally
load-time). :

Atomic numbers are readily representable in LMS notation as
computational expressions, e.g., 129 and 14.71E6.'? LISP’s nil may be
represented in LMS notation by !nil. Computational expressions also
provide yet other LMS notational expressions for atomic symbols; for
instance, I'fire is equivalent, in LMS notation, to "fire".

One disadvantage of representing objects in terms of computations is
that such computations and/or their representations may be
LISP-implementation-dependent.

17 Note, incidonu.l‘l‘v. that numbers in LISP notation in the source text for LMS
in base ten by default.

modules are interpret
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2.9 Absorption Forms

An expression of the form (% a; a, ..] appearing in LISP notation is
called an absorption form, and represents not a data object, but rather a
LISP form which, when evaluated, will cause [g; a; ...] to be absorbed.
The % in the absorption form (which must immediately follow the
opening square bracket) effectively postpones absorb-time until evaluation

time, thus making possible multiple absorption of the LMS notation
within the form.

An absorption form that will (or may be) muitiply evaluated typically
contains one or more free variables'® that might have different values on
different evaluations of the form. Thus, for example, evaluation of

(loop for x in '(duck gull swan) do [% (bird*s Ix) ##c water-bird))
has the same effect as the absorption of

[[(bird*s “duck™) f#c water-bird}
[(bird*s "gull™) #tc water-bird]
[(bird*s “swan") #c water-bird]}.

An absorption form may be used as a notation-based constructor.
Instead of using explicit LISP code to construct one or more nodes
(possibly with attachments), one can often use an equivalent (and almost
always more readable) absorption form.'*

T¥ In the MACLISP implementation of XLMS, such free varisbies must, st present,
be special variables,

14 In the MACLISP implementation of XLMS, there is, st present, no specisl
provision for efficient compilstion of sbsorption forms. Thus sbeorption forms are
substantially slower to evaiuste than equivalent explicit LISP code. -
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3. Basic LMS Operstors

The operators described in this chapter are sufficient for working
experimentally with objects in an LMS memory. For non-experimental
work, more specialized operators might be required, especially to achieve
a high level of operating efficiency.

An operator is described by first displaying a prorotype application for
it, then discussing aspects of its use and behavior, especially those which
are not inferrable from its name and from the dummy names for
operands given in the prototype application in lieu of arguments. The
name of an operator is chosen to suggest both what it does and what it
may return as a value. Dummy names for operands are chosen so as to
convey, as well as possible, assumptions about those operands; an operand
named concept, for instance, may be assumed to be a concept.'* Except
as noted, arguments in applications of LMS operators must be LISP
forms. .

Also appearing in this chapter are descriptions of particular
iteration-driving clauses that may be used in loop forms (see TM-169,
"LOOP Iteration Macro” [2]). Such descriptions begin with a prototype
iteration-driving clause of the form

(... for variable ...),

where a particular prototype parh clause appears after variable. An
actual loop form containing an iteration-driving clause begins with loop
(usually), has a LISP variable name in place of variable, has one or more
actual argument forms appearing within the path clause, and has some
number of other clauses before and/or after the iteration-driving clause.
Evaluation of such a form entails iterated evaluation of its body, with
the specified variable bound, prior to each iteration, to the next value
"along the specified path”. Iteration may terminate for any of a number
of reasons, one being that "the end of a path has been reached" (which
may even precede the first iteration). Note that path values may be
listed, in order, by evaluating a loop form containing an appropriate
iteration-driving clause followed by a collect variable clause.

Caveat on operator usage. Applying an operator to "bad" operands
(operands that do not satisfy the assumptions made by the operator
about its operands) may lead to arbitrarily serious, and possibly
mysterious, failures.

S An object being “passed” as an operand to sn XLMS operator is represented by a
pointer, in lccordmo' with LISP convention. o > >
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3.1 Operators Pertaining to Concepts ¥
(conceptp objecr)

determines whether or not objecr is a concept, and returns t or nil
accordingly. In many implementations of XLMS, it is quite costly to

determine that an object is a concept when it is not even known to be
a node.

(concept-nodep node)

is equivalent to (conceptp node), but is faster because it can assume k -
that its operand is a node. In fact, in some implementations of XLMS, ‘
concept-nodep may be an order of magnitude or more faster, on the

average, than conceptp.

}

r

i
(make-concept ilk rie cue) y:.

creates a concept with the specified ilk, tie, and cue, if such a concept

does not already exist in memory. In any case, the specified concept is ‘

returned. Note that creation of a concept could involve nothing more '

than turning a non-concept node into a concept node. }
i
|
!
{

Recall that a particular primitive tie, which in a parenthesis-delimited
LMS notational expression could be specified by just /etrer, would, as
an argument, be specified by [*/etter).

(i1k concept), (tie concept), and (cue concept)

|
| return the ilk, tie, and cue of concept, respectively. These operations
' are trivial to perform in typical implementations of XLMS.

(same-ilk-and-tie concept-A concept-B)

determines whether or not concept-A and concepr-B have both the same
ilk and the same tie, and returns t or nil accordingly. It is equivalent
to (and (eq (ilk concept-A) (llk concept-B)) (eq (tie concepr-A) (tle
concepi-B))), assuming concept-A and concept-B are free of side effects,
but is substantially faster in many implementations of LMS.

(primitive-tiep rie)

determines whether or not fie is a primitive tie, and returns t or nil
accordingly. Operand fie must be a concept.

!.
E
!
'.
3
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(define-primitive-tie primitive-tie-letter descriptive-atomic-symbol)

defines the primitive tie which is designated by primitive-tie-letter and
described (and distinguished from other primitive ties) by
descriptive-atomic-symbol. Neither argument is interpreted; both must
be atomic symbols. If one of the arguments has been used previously
to designate or describe a primitive tie, then the other must also have
been used to designate or describe that same primitive tie.

A primitive tie must be defined before LMS notation in which its
designating letter appears can be absorbed. For descriptions of the
primitive ties that are predefined in XLMS, sec the appendix entitled
"Predefined Primitive Ties and Attachment Relations".

3.1.1 The c Relation and Operators that Use It

All but one of the operators described in this section apply to nodes in
general, rather than just to concepts. They are listed here because they

are applied most frequently to concepts, especially by experimenting
users.

For two arbitrary nodes a and b, a c b iff one of the following
conditions hold:

(1) (genus a) = b, where a » summum-genus;
(2) (genus a) c b; or

(3) (genus a) = (genus b) and (specializer a) c (speclalizer ),
where (speclalizer a) and (specializer b) are both nodes.

Where a and b are both concepts, these conditions may be restated'®
as follows:

(1) (ilk a) = b, where a = summum-genus;
(2) (ika)c b or

(3) (lk a) = (lik b), (tle a) = (tle b), and (cue @) c (cue b),
where (cue a) and (cue b) are both nodes.

16 This definition of c for concepts is valid only if the following constraint is
observed: given a concept (ilk*tie cue), if x is 8 node such that (ilkk tie) ¢ x c ilk, then x

must nor be a concept. It is quite unlikely that this constraint would be accidentally
violated.




The c relation has the following properties worthy of note:

a ¢ summum-genus, for any node a,
(@) c(ab)ca

(2 (¥ ) < ({* i) < i), e, (color*r (blocksl 1)) c
(color*r block) c color;

by condition (3), the condition for derivative subclassification, a set
of nodes (concepts), all of which have the same genus (ilk and
tie), is isomorphic under c to the set of its specializers (cues);

whether a c b holds or not is "memory-independent"; and

(ilketie cue) c (ilk tie), if (ilketie cue) is implemented either as ((ilk
tie) cue) or as (ilk (tie cue)).

When a c b, ais said to be an inferior of b (under b), and b is said to
be a superior of a (above @). Many, perhaps most nodes have no
inferiors, but summum-genus is the only node that has no superiors.
The superiors of a node are well-ordered by c. Thus, every node but
summum-genus has an immediate superior,'’ the "least" of its superiors
which exist in memory. If y is the immediate superior of x, then x is an
immediate inferior of y. Note that the immediate inferiors of a node,
and often also its immediate superior, may change as nodes are added to
and removed from memory.

The set of all node/immediate-superior relationships (or, equivalently,
the set of all node/immediate-inferior relationships) determines the
current node tree, a tree of all nodes in memory, with summum-genus as
the root. The node tree is used by XLMS for accessing concepts via
their ilks (or nodes via their genuses) and as the basis for the canonical
ordering of nodes. It is typically also used by LMS-based systems as a
taxonomy of descriptions (a particular kind of abstraction hierarchy) and
hence as a key determinant of inheritance (of attributes and
meta-attributes).

(underp node-A pode-E)

tests whether node-A c node-B, and returns t or nil accordingly. (In
earlier versions of LMS, underp was called subclassp and sometimes
subconceptp.)

17 In earlier versions of LMS, the immediate superior of 8 node was referred to as
its "generslizer”,
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(underp-or-eq node-A node-B)

tests whether node-A ¢ node-B, and returns t or nil accordingly. For
two arbitrary nodes a and b, a ¢ b iff either a c b or (eq a b). (In
earlier versions of LMS, underp-or-eq was called classp.)

. for variable being superiors of node ...),

... for variable being superiors of node under superior ...),

(.
(
(..
(
(
(

for variable being superiors of node under-or-eq superior ...),

... for variable being node and its superiors ...),
.. for variable being node and its superiors under superior ...), and

... for variable being node and its superiors under-or-eq superior ...)

produces the superiors of node (c or ¢ superior, where so specified)
which exist in memory, if any, in c order, with node also produced as
the first value when an and Its superiors variant is used. Operand
superior, if present, must be a superior of node, except in the case of
the last variant above, where it must be a superior of or eq to node.
Note that the superiors of a node will typically include non-concept as
well as concept nodes, and are not independent of what nodes exist in
memory. The superiors of a node are trivial to produce in typical
implementations of XLMS.

... for variable being immediate-inferiors of node ..

produces the immediate inferiors of node, if any, in canonical order.
Note that the immediate inferiors of a node may change as nodes are
added to or removed from memory. Note also that the immediate
inferiors of a concept are not necessarily, or even frequently, concepts.
The immediate inferiors of a node are easy to produce in typical
implementations of XLMS.

By using the immediate-inferiors for form recursively, it is possible
to visit all concepts in memory inferior to a given node. Observe that
a loop form of the form

(loop for subnode being immediate-inferiors of node
do <process subnode> <recur with subnode as node>)

will traverse, in "preorder” but excluding node, the node tree subtree
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whose root is node, and thus will visit every inferior of node.!* (In
fact, this traversal will visit the inferiors of node in canonical order!)
Therefore, if <process subnode> is replaced by (cond ((concept-nodep
subnode) <process subnode>)), precisely those concepts which are
inferior to node will be processed.

(look-for-least-superior-concept concepr)

returns the least concept x in memory, if any, such that concept c x.
Unless concept is summum-genus, there is such a least concept because
(a) summum-genus is such a concept, and (b) any subset of the
superiors of any node is well-ordered by c. If concept is
summum-genus, nil is returned. Note that the least superior concept
of a concept may change as concepts are added to or removed from
memory.

(least-common-superior-concept concepr-A concept-B)

returns the least concept x in memory such that concepr-A ¢ x and
concept-B ¢ x. There is such a least concept because (a)
summum-genus is always such a concept, and (b) any subset of the
superiors of any node is well-ordered by c. Note that the least
common superior concept for two concepts may change as concepts are
added to or removed from memory. Note also that "least common
superior concept” is somewhat of a misnomer, since concept-B will be
returned if concept-A ¢ concept-B, and concept-A will be returned if

concept-B ¢ concept-A.

3.1.2 Operators that Look For Concep!:

A concept that exists in memory can be reliably accessed via its itk and
possibly via its cue, but never via its tie. A concept will nor be reliably
accessible via its cue only if its cue is a node which has ever had
common-cue attached to it as a metacharacterization.  Thus, for
example, the concept (block*f big) may not be accessible via big if [big
#m common-cue] has ever been absorbed. Accessing a concept via its
cue, when possible, is typically faster than accessing it via its ilk. (In
high-performance implementations of LMS, the average time for either of
these "access methods" can be expected to depend logarithmically on how
many concepts in memory share the particular ilk or cue in question.)

18 See Knuth (5] sections 2.3.1 and 2.3.2, for an extended discussion of tree
traversal.
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In XLMS, access via the ilk involves following a chain of
node-to-immediate-inferior links. Thus, the overall efficiency of this
access path depends on how many immediate inferiors a node has, on the
average. A user can keep this number low by avoiding situations in
memory where a particular ilk/tie combination has been paired with a
large number of distinct atoms used as cues (or where a particular node
used as a genus has been paired with a large number of distinct atoms
used as specializers). Some situations of this type are avoided by using
more specialized ilks (or genuses), and some by using sequences in lieu of
atomic cues (or specializers).

(look-for-concept i/k tie cue)

looks for a concept in memory having the specified //k, tie, and cue. If
such a concept exists, it is returned; otherwise, nil is returned. Also,
the special variable *least-existing-superior will be set to the least
existing superior of the concept sought (necessarily ¢ i/k), unless
summum-genus itself is being sought, in which case *least-existing-
superior is set to nil. Note that nil is returned even when there
exists a non-concept node in memory which would metamorphose into
the concept sought if (make-concept i/k tie cue) were applied.

(look-for-concept-via-cue ilk rie cue)

looks, via cue, for a concept in memory having the specified ilk, tie,
and cue. If such a concept exists and is accessible via its cue, it is
returned; otherwise, nil is returned. Normally, look-for-concept-
via-cue is used only when it is known that if the concept sought exists
in memory, it will be reliably accessible via its cue. Note that nil is
returned even when there exists a non-concept node in memory which
would turn into the concept sought if (make-concept ilk tie cue) were
evaluated. Operand cve may be a node or an atomic symbol.

(... for variable being concepts-with-cue of cue ..) or
(... for variable belng concepts-with-cue of cue under superior ...)

produces, in canonical order, the concepts, if any, that (a) have cue for
a cue, (b) are accessible via their cues, and (c) are c superior (where
so specified). Such an iteration-driving clause is typically used only
when it is known that any existing concept having cue for a cue is
accessible via its cue. Operand cve may be a node or an atomic
symbol.
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3.2 Operators Pertaining to Attachments

Whenever there is at least one attachment on a node x invoiving a
particular attachment relation r, there exists a zone for r on x, which
contains al/l such attachments involving r. A zone may be thought of
either as a collection of attachments or as a collection of attached
objects. Note that attachments can occur on 2il nodes, not just on
concepts, and that attachinents on nodes are not necessarily permanent.

The attachments (attached objects) constituting a zone are always
well-ordered according to some attachment-relation-dependent rule. In
LMS, the most common rule (though it can apply only to zones that can
contain only nodes) is that the attached objects are always in canonical
order. Where this rule does not apply, attachments are typically kept
either in order of attachment or in reverse order of attachment.

In most zones, a particular object may be the attached object in at
most one attachment, but in an #sequence-element'® zone, for example,
a given object may participate in any number of attachments.

An attachment relation argument may be specified as an attachment
relation name in square brackets. Thus, for example, one might write
(make-attachment [{tc] [scientist) person).

(make-attachment arrachment-relation object node)

attaches object to node per attachment-relation, and returns object,
provided either (a) such an attachment is not already present or (b)
more than one such attachment is allowed for arttachment-relation.
Otherwise, nothing is done, and nil is returned.

Attachment of a new first object in a zone is accomplished by
replacing the first object, after first inserting a copy of it after it—thus
preserving the location of the zone at the expense of a somewhat
peculiar behavioral interaction with zone element iteration.

(detach-if-present atrachment-relation object node)

eliminates an attachment of object to node per attachment-relation, and
returns object, if such an attachment exists. If there is more than one
such attachment, the first in the zone is eliminated. If there is no such
attachment, nothing is done and nil is returned.

19 #tsequence-element is s name for an attachment relation used privately by LMS.
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Detachment of the first object in a zone, when there is more than one,
is accomplished by replacing the first by a copy of the second, then
deleting the second—-thus preserving the location of the zone at the
expense of a somewhat peculiar behavioral interaction with zone
element iteration.

3.2.1 Operators that Get or Look For Attachments :
(get-nth-attachment n arrachment-relation node) ’»

returns the nth attached object in the zone for attachment-relation on ‘
node. Operand n must be an aromic small integer (a "fixnum” in !
MACLISP), and node must have a zone for attachment-relation :
containing at least n attachments. t

(look-for-attachment arrachment-relation object node) ;

looks to see whether object is attached per attachment-relation to node.
If so, object is returned; if not, nil is returned. Operand object may be ' f
any object that could validly be attached per artachment-relation to k
any node. Note that look-for-attachment can succeed only if object

itself is found.

(look-for-attachment-under-or-eq
attachment-relation node-to-be-under-or-eq node)

looks for any node ¢ node-to-be-under-or-eq that is attached per
attachment-relation to node. 1If there is just one such node, it is
returned; if there are more than one, the first in the zone is returned;
if there are none, nil is returned. This operator may be used only if
zones for attachment-relation contain only nodes.

(look-for-origin node)

returns an object representing, and possibly describing, the origin of
node, if known.?® If the origin of node is unknown (that is, not
recorded in memory), nil is returned.

0 1n the current MACLISP implementation of XLMS, the origin of a node is
known if and only if it is s concept or sequence.
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.. for variable being each r of node ...),

.. for variable being each r of node under superior ...),

.. for variable being each r of node under-or-eq superior ...),
.. for variable being node and each r ...),

.. for variable being node and each r under superior ...), or

.. for variable being node and each r under-or-eq superior ...)

produces the objects (c or ¢ superior, where so specified) attached per
attachment relation r to node, if any, in order of their appearance
within the zone for r, with node also produced as the first value when
an and each variant is used. A particular object might be produced
more than once if it is the attached object in more than one
attachment. An under or under-or-eq subclause may be used only if
zones for the attachment relation r contain only nodes.

(zone-present atrachment-relation node)

determines whether or not there is a zone present for attachment-
relation on node (or, equivalently, whether or not there is at least one
object attached per attachment-relation to node), and returns t or nil
accordingly.  This test, which is very fast in high-performance
implementations of LMS, may be used to avoid unnecessary executions
of loop forms of the form (loop for variable being each
attachment-relation of node ...).

3.2.2 Operators Pertaining to Value Zones

(get-value node-with-value-zone)

gets the first (and typically only) attached object in the j#value zone
of node-with-value-zone. 1t is equivalent to (get-nth-attachment 1
[#value] node-with-value-zone), but is faster in typical implementations
of XLMS, where the jtvalue zone of a node is trivially accessible.

(replace-value node-with-value-zone new-value)

replaces the first (and typically only) attached object in the Ftvalue
zone of node-with-value-zone by new-value. This operation is trivial to
perform in typical implementations of XLMS, where the #value zone
of a node is trivially accessible.
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3.2.3 Operators Pertaining to Attachment Relations

Attachment relations have numbers as well as names: each attachment
relation is identified by its distinct attachment relation number, a
non-negative integer. When nodes are implemented in such a way that
zones must appear in some order or other (as is the case in existing and
planned implementations of LMS), the zones are kept in order of
increasing attachment relation number. Zones with low attachment
relation numbers will typically be faster to access than zones with high
numbers. Some attachment relation numbers are reserved for relations
declared by LMS itself, specifically, 0-11, 15-23, 31, and 35.%!

(attachment-relationp objecs)

-

A T ST W Y27 S Y Y .

determines whether or not object is an attachment relation, and returns
t or nil accordingly.

< —

(declare-attachment-relation .
attachment-relation-number attachment-relation-full-name '
attachment-relation-single-letter-name-or-nil zone-features) :

defines the attachment relation identified by attachment-relation-
number. One or two names for the relation are specified, as atomic
symbols, by arguments atrachment-relation-full-name and atrachment-
relation-single-letter-name-or-nil, the latter being nil to indicate the
absence of a single-letter name. Except for a prefix #, an attachment
relation name must be normally spelled. The arttachment-relation-
full-name argument must have three or more characters in addition to
the prefix #.

The zone-features argument is either nil or a list of atomic symbols
that act as zone feature indicators. Possible zone feature indicators in
LMS are: concepts-only, nodes-only, canonical-order (which implies !
nodes-only), duplicates-allowed (meaning that more than one
attachment in a zone of this type may have the same attached object), 1

PR AN

21 In high-performance implementations of LMS, where esch node has a special
substructure to indicate what zones are present on it, operating efficiency may be
considerably degraded when an attachment relation has been declared with a number
greater than or equsl to the number of digit bits in the simplest kind of atomic number
(36 in the case of PDP-10 MACLISP, and 24 in the case of the M.L.T. LISP Machine).
Thus, & user of LMS who is, or might ultimately be, conzerned with efficiency should
declare few sttachment relations. Also, LMS users concerned with space efficiency
should be sware that the amount of space required for nodes is minimized when the
#origin sttachment relstion (used privately by LMS) is the highest-numbered
sttachment relation,




25

integral (meaning that a zone of this type is to be treated as an
integral whole), and a-list (meaning that only "list cells" can be
attached using this attachment relation, and that no two such list cells
in a given zone of this type may have the same car).

Note that arguments in a declare-attachment-relation application are
not interpreted. Thus, for instance, one might write

(declare-attachment-relation
10 /itpossible-cause /#z (concepts-only canonical-order)).
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4. Specialized LMS Operators

The operators described in this chapter are more specialized than those
described in the preceding chapter.

4.1 Operators Pertaining to Sequences and Seq. Fragments

Sequences and sequence fragments are used primarily as cues of
concepts and as elements of larger sequences and sequence fragments,
though they are also usable as independent objects and as specializers of
nodes that are not concepts, sequences, or sequence fragments. However,
a sequence or sequence fragment must never (except privately by LMS)
be used as the ilk or tie of a concept, or as the genus of a node.

No sequence ‘is ever an inferior of another sequence. But a sequence
can be an inferior of a sequence fragment, and one sequence fragment
can be an inferior of another. Specifically, a sequence qy, a,, .., a, Or &
sequence fragment q;, a;, ..., a,, ... is an inferior of, or eq to, a sequence
fragment &,, &y, ..., 8,y ... if, and only if,

) m<n
@2) a;=b;fori=1,2, .., ml; and
(3) cither a,, c b, 0r a,, = b,

Thus, for example, [a, (b*p (c*t d)), "e"] c [a, (b*p (c*t d)), "e", ...]
[a, (b*p (c*t @), ...]) c [a, (b*p ¢), ...] c [a, b, ...] c [a, ...] ¢ [}
Note that every sequence is an inferior of [...].

A sequence that exists in memory can be reliably accessed always via a
list of its elements, and sometimes via certain individual ones of its
elements. A sequence will not be reliably accessible via a particular one
of its elements only if that element (a) is an atomic symbol or (b) is a
node which at some time has had common-element attached to it as a
metacharacterization. Thus, for instance, the sequence ["foo”, “bar"] is
never accessible via either element alone, and [henry, the, eighth] may
not be accessible via the if [the #m common-element] has ever been
absorbed. Accessing a sequence via an individual element, when possible,

is typically faster than accessing it via a list of its elements. (In
high-performance implementations of LMS, the average times for either
of these access methods can be expected to depend logarithmically on
how many sequences in memory share the individual element or the
particular initial series of elements.)

st S
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Sequences have a distinctive dynamic property: the specialization that
names a sequence may change as other sequences or sequence fragments
are added to or removed from memory. Therefore, the genus and
specializer of a sequence can change over time! This instability stems
from XLMS’s memory-saving practice of choosing naming specializations
for sequences that are no more specific than is necessary to make every
sequence have no inferiors in memory. As memory changes, the
specialization that names a sequence may need immediate replacement,
because it has just become insufficiently specific, or, conversely, it may
become eligible for replacement, because it has become overly specific.

Sequence fragments exist in LMS primarily to provide a taxonomic
structure above sequences, and secondarily to provide a completely
reliable and rather uniformly efficient access method for sequences that
does not involve access via efements.

(LMS-sequencep objecr)

determines whether or not object is a sequence, and returns § or nil
accordingly. (This operator would have been called "sequencep”
except for the fact that a primitive operator of that name exists in
certain implementations of LISP that LMS might someday run under.)

(sequence-fragmentp object)
determines whether or not object is a sequence fragment, and returns ¢
or nil accordingly.

(sequence-nodep node)

is equivalent to (LMS-sequencep node), but is faster because it can
assume that its operand is a node. In fact, in some implementations of
XLMS, sequence-nodep may be an order of magnitude or more faster,
on the average, than LMS-sequencep.

(sequence-fragment-nodep node)
is equivalent to (sequence-fragmentp node), but is faster because it
can assume that its operand is a node.

(sequence-or-fragment-nodep node)

is equivalent to (or (sequence-nodep node) (sequence-fragment-nodep
node)), but may be significantly faster, because it is also equivalent to
(underp-or-eq node [..])-a very fast operation in certain
implementations of XLMS.
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(make-sequence /isr-of-elements)

converts [ist-of-elements into a sequence. This sequence may have
existed previously. Note that only nodes and atomic symbols other
than nil may appear in list-of-elements.

(LMS-append series-of-elements, series-of-elements, ...)

appends its operands to produce a series-of-elements result. (A
| series-of-elements operand or result is either a list, a sequence, a
f sequence fragment, or nil.) The type of the /asr operand determines
’ the type of the result. If the last operand is a sequence or sequence
; fragment, the result will be a (possibly null) sequence or sequence
3 fragment accordingly; otherwise, the result will be a list or nil. A last
operand which is a list becomes part of the result, so that
LMS-append will strictly subsume the standard LISP operator append.
Thus, for instance, (LMS-append [a, b] nil [c, ...] '(d e)) would
return a list ([a] [b] [c] d e), the two-element tail fragment of which
would be identically the last operand.

Note that [}, {...], or nll may be used as a last argument to force a
particular type of result, without affecting the elements in the result.
Hence LMS-append may be used to interconvert sequences, sequence
fragments, and lists. For example, (LMS-append sequence [...]) would
convert sequence into the corresponding sequence fragment. Also,
(LMS-append list-of-elements []) is equivalent to (make-sequence
list-of-elements), though the latter would undoubtedly be faster.

When LMS-append is used to add one or more elements to a sequence
or sequence fragment, the result is necessarily a different object
(though not necessarily a newly created one), since neither a sequence
nor a sequence fragment can ever suffer a change of elements. Finally,
note that when the result of an LMS-append operation is to be a
sequence or sequence fragment, all elements of list operands must be
either nodes or atomic symbols other than nil.

(get-nth-element-of-sequence n sequence)

returns the nth element of seguence. Operand n must be an atomic
small integer, and sequence must have at least n elements.

(get-last-element-of-sequence non-null-sequence)

returns the last element of non-null-sequence.
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(get-last-element-of-sequence-fragment mon-null-sequence-fragment)

returns the last element of non-null-sequence-fragment. la typical
implementations of XLMS, this operation is trivial to perform.

(truncate-sequence-fragment non-null-sequence- fragment)

returns the sequence fragment that results from removing the last
element of non-null-sequence-fragment.  For example, (truncate-
sequence-fragment [a, b, ¢, ..]) yields fa, b, ...]. In typical
implementations of XLMS, a truncate-sequence-fragment operation is
trivial to perform.

(look-for-sequence lisr-of-elements)

looks for a sequence in memory having the same elements (in the same
order) as [list-of-elements. If such a sequence exists, it is returned;
otherwise, nil is returned. Also, the special variable *least-existing-
superfor will be set to the least existing superior of the sequence
sought (necessarily ¢ [...]). Note that only nodes and atomic symbols
other than nil may appear in /ist-of-elements.

(look-for-sequence-via-element element list-of-elements)

looks, via element, which must be a member of lisr-of-elements, for a
sequence in memory having the same elements (in the same order) as
lisr-of-etements. If such a sequence exists and is accessible via element,
it is returned; otherwise, nil is returned.  Normally, look-for-
sequence-via-element is used only when it is known that if the
sequence sought exists in memory, it will be accessible via element.
Note that only nodes and atomic symbols other than nil may appear
in list-of-elements.

(look-for-sequence-fragment list-of-elements)

looks for a sequence fragment in memory having the same elements (in
the same order) as /ist-of-elements. If such a sequence fragment exists,
it is returned; otherwise, nil is returned. Also, except when [...] is
returned, the special variable *least-existing-superior will be set to
the least existing superior of the sequence fragment sought (necessarily
¢ [...]). Note that only nodes and atomic symbols other than mil may
appear in list-of-elements.
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(... for variable being elements of sequence ...)

produces the elements of sequence, if any, in order.

(... for variable being sequences-with-element of elemenr ...) or
(... for variable being sequences-with-element of element under sf ...)

produces, in canonical order, the sequences, if any, that (a) have
element as an element, (b) are accessible via element, and (c) are c sf
(where so specified). Such an iteration-driving clause is typically used
only when it is known that any existing sequence having element for an
element is accessible via element. Note that element must be either a
node or an atomic symbol, that sf must be a node, and that no
sequences will be produced if a non-sequence-fragment sf is specified.

(sequence-length sequence)

returns the length of seguence, as an atomic small integer.

(sequence-fragment-length sequence- fragment)

returns the length of sequence-fragment, as an atomic small integer.
Note that (sequence-fragment-length [...]) is 0.

4.2 Low-Level Operators Pertaining to Nodes

The operators to be described in this section are needed only for
working with incidental nodes: nodes that are not concepts, sequences, or
sequence fragments. Only a few of the constructs described in this and
the preceding chapter can produce incidental nodes.

(1) Applications of operators described in this section can produce
incidental nodes.

(2) A being superiors or being immediate-inferiors iteration-driving
clause can (and usually will) produce incidental nodes, though such nodes
would typically be used only as "stepping stones™ to non-incidental nodes.

(3) A being each iteration-driving clause could produce incidental

nodes, but only insofar as they have been introduced and attached
earlier.

(4) A being elements iteration-driving clause could produce incidental
nodes, but only insofar as they have been introduced and used as
sequence elements earlier.
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Therefore, a user who avoids introducing incidental nodes (through
notation, by atypical use of being superlors or belng
immediate-inferiors iteration-driving clauses, or by use of operators
other than those described in this and the preceding chapter) may well
have no need for the operators presented in this section.

Any node that exists in memory can be reliably accessed via its genus
or via any isogeneric superior (a superior of the node that is an inferior
of its genus); however, a node cannotr be reliably accessed via its
specializer per se. (If the node is a concept or sequence, there are also
other methods for accessing it; see the sections entitled "Operators
Pertaining to Concepts" and "Operators Pertaining to Sequences and
Sequence Fragments"). In XLMS, access via the genus or an isogeneric
superior involves following a chain of node-to-immediate-inferior links,
using Immediate-inferlors iteration paths. Thus, the overall efficiency
of this access path depends on how many immediate inferiors a node has,
on the average. See the subsection entitled "Operators that Look for
Concepts" for a discussion of how a user can keep this number low.

(nodep objecr)

determines whether or not object is a node, and returns t or nil
accordingly.

(make-node genus specializer)

creates a node with the specified genus and specializer,b if such a node
does not already exist in memory. In any case, the specified node is
returned.

Creating a node consists of first creating a structurally appropriate
protonode, then adding it to the node tree (that is, making it accessible
via genus), at which point it ceases to be a protonode. When the
public special variable *create-common-superiors-spontaneously? is
non-nil, creating a node can entail the sponfaneous creation of
additional nodes which, at creation time, have at least two itnmediate
inferiors. Note that make-node will not, under any circumstances,
create a concept, though it may return an already existing one.

(make-node-given-isogeneric-superlior isogeneric-superior specializer)

is equivalent to (make-node (genus isogeneric-superior) specializer), but
is faster because accomplishing the latter operation consists of
accomplishing the former operation after first moving down the node
tree from (genus isogeneric-superior) to isogeneric-superior. The
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operands must be such that specializer c (speclalizer isogeneric-
superior). The node made will be an inferior of isogeneric-superior.
Note that this operator depends on the c relation.

(genus node) and (specializer node)

return the genus and specializer of node, respectively. These operations
are trivial to perform in typical implementations of XLMS. They can
depend on the state of memory only when node is a sequence; see the
section entitled "Operators Pertaining to Sequences and Sequence
Fragments".

(immediate-superior node)

returns the immediate superior, if any, of node the least node x in
memory such that node c x. Unless node is summum-genus, there is
such a least node, because any subset of the superiors of any node is
well-ordered by c. If node is summum-genus, nil is returned. Note
that the immediate superior of a node may change as nodes are added
to or removed from memory. In typical implementations of XLMS,
this operation is trivial to perform.

(least-common-superior node-A node-B)

returns the least node x in memory such that node-A ¢ x and node-B ¢
x. There is such a least node because (a) summum-genus is always
such a node, and (b) any subset of the superiors of any node are
well-ordered by c. In graph-theoretic terms, the least common superior
of two nodes is the root of the smallest subtree of the node tree that
includes them both. Note that the least common superior of two
rodes may change as nodes are added to or removed from memory.
Ncte also that "least common superior” is somewhat of a misnomer,
since node-B will be returned if node-4 ¢ node-B, and node-A will be
returned if node-B ¢ node-A.

(look-for-node genus specializer)

looks for a node in memory having the specified genus and specializer.
If such a node exists, it is returned; otherwise, nll is returned. Also,
the special variable *least-existing-superior will be set to the least
existing superior of the node sought (either genus or an isogeneric
superior of the node sought), unless summum-genus itself is being
sought, in which case *least-existing-superlor is set to nil.
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(look-for-node-given-isogeneric-supcrior .sogeneric-superior specializer)

is equivalent to (look-fer-nodc (genus 1 igeneric-supericry specializer),
but is faster because accomplishing ihe latter operation consists of
accomplishing the former operation after first moving down the node
tree from (genus isogeneric-superior) to isogeneric-superior.  The
operands must be such that specializer ¢ (speclalizer
isogeneric-superior). ~ The node made will be an inferior of
isogeneric-superior. Note that this operator depends on the c relation.

4.3 The Canonical Ordering of Nodes

People (and computers) have an easier iime recognizing, comparing,
and "understanding" collections that are consistently organized or, better
yet, predictably organized. In LMS, collections of nodes are usually kept
in canonical order when there is no specific reason to keep them in some
other order.  Canonically ordered collections of nodes are always
consistently organized, and are often predictably organized as well.

Throughout this section, < will be used to denote the canonical order
relation on nodes. The use of < is apprcnriate because the canonical
ordering of nodes is a total ordering: for any two distinct nodes a and b,
either @ < b or b < a Which of these possibilities obtains may depend
upon the past history of the memory that contains a and b (see below),
but it will in any case continue to obtain as long as both a and b remain
in that memory.

For two arbitrary nodes a and b, a < b iff one of the following
conditions (somewhat parallel to those that define the c relation) hold:

(1) a = (genus b), where b » summum-genus;
(2) a < (genus b);

(3) (genus a) c (genus b) and (genus a) < b, or
(4) (genus q) = (genus b) and either

(a) (specializer a) < (specializer b), where (specializer a)
and (specializer b) are both nodes, or

(b) (specializer a) is an atomic symbol and (specializer b) is
a node, or

(¢) (specializer a) and (specializer b) are both atomic
symbols and a was created before b.




34
Where a and b are both concepts, these conditions may be restated??
as follows:
(1) a= (ilk b), where b » summum-genus;
(2) a< (il b);
(3) (ilk a) c (ilk b) and (ilk g) < &;
(4) (1lk @) = (ilk &) and (tle a) < (tle b); or
(5) (Ik a) = (ilk b), (tie a) = (tie b), and either

(a) (cue a) < (cue b), where (cue a) and (cue b) are both
nodes, or

(b) (cue a) is an atomic symbol and (cue b) is a node, or

(¢) (cue @) and (cue b) are both atomic symbols and a was
created before b.

Condition (5¢) above says that sets of concepts having a common ilk
and tie and distinct atomic symbol cues are canonically ordered according
to their age rather than, say, an alphalessp?® ordering of their cues.
(Condition (4c) makes a similar statement about nodes in general.) This
permits a concept taxonomist to impose a particalar canonical ordering
on such a set 5, which in turn will determine "derivatively" (see property
2 below) the canonical ordering of any set of nodes that all have the
same naming specialization except in some one position where different
members of s appear. (XLMS itself takes advantage of this to get the
canonical ordering of positive-integer-labeled concepts to correspond to
numerical order.)

The canonical or-zring of nodes in a node tree can be defined
intuitively as the _rder in which they would be visited during a preorder
traversal of the tree, where nodes having a common immediate superior s
are visited in the following order: first those with atomic symbol
specializers, in order of creation; then those with nodal specializers and
genus s, ordered according to the canonical ordering of their specializers;
and finally those with nodal specializers and a genus other than s, ordered

12 This defiriion of < for concepts is valid only if the followigg constraint (also
noted in the definition of ¢ for concepts) is observed: if (ilk*tie cue) is 8 concept, snd if
x is 8 node such that (il tie) ¢ x c ilk then x must not be a concept. Furthermore, if
(ilketie cue) were to be implemented ss (ifk (tie cue)), condition (4) would have to be
revised for the cases of (tie a) - (tie ) and (tie b) c (tie a),

23 alphalessp is a primitive LISP predicate used for alphabetic and lexicographic
ordering.
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according to the canonical ordering of their specializers.

The canonical order relation on nodes has the following useful
properties.

(1) If a < b in a given state of the memory containing a and b, then it
will remain the case that @ < b as long as both @ and b remain
continuously in that memory.

(2) For any two nodes x and y whose naming specializations differ
only in that x has x. where y has y, x < y if x. < y.. For example, if
little < big, then (block*f little) < (block*f big) and ((block*f
little)*u scene-1) < ((block*f big)*u scene-1).

(3) Canonically ordered collections of nodes are often predictably
organized.

(4) In all canonically ordered collections of nodes, the nodes, if any,
that are inferior to a given node will appear in the same "relative
position". Thus, simple common-superior matching in such collections
may be efficiently accomplished using binary search and parallel scanning
techniques. This is especially important in serial-machine
implementations of LMS, of which XLMS is an example.

(5) The canonical order relation is useful in defining canonical
representations. For example, the canonical representation of an itemized
set might be a concept, the cue of which is a sequence having the set
elements in canonical order.

(6) A < or c test can be performed trivially when both operands are
located in CO-LTM ("canonically-ordered long-term memory™), an area of
memory wherein nodes are kept in canonical order with "subtree extent
pointers”. For <, an address comparison suffices. For c, an address
range test suffices.”® The address range test is based on the following
simple theorems relating c and <: (1) bc aimpliesa< b, (2Q)a<b<c
and ¢ c q together imply b c a.

(beforep node-A4 node-B)

tests whether node-A < node-B, that is, whether node-A precedes
node-B in the canonical ordering of nodes, returning t or nil
accordingly. Note that beforep, as well as many operators that
depend on beforep, can be expected to be relatively slow when most
nodes in memory are nof in LTM.

24 See Knuth [5) section 2.3.3 and exercise 12 of section 2.4.




(beforep-or-eq node-A node-B)

tests whether node-A < node-B, and returas t or nll accordingly. For
two arbitrary nodes a and b, a < b iff either a < b or (eq a b).

4.4 Operators Pertaining to Atomic Symbols

Atomic symbols are used in XLMS to represent lexical units (words,
phrases, affixes, etc.), characters, and labels. Atomic symbols that
represent lexical units typically appear in memory as concept cues and
sequence elements.

(make-character-code character-or-character-name)

converts character-or-character-name into a character code (an atomic
small integer). The character-or-character-name operand is either a
single-character atomic symbol or a character name (one of the atomic
symbols eof, bell, backspace, tab, !inefeed, formfeed, newline, or
space). The character-code result must be interpreted with respect to
a particular implementation-dependent character code set. Any such
character code set must be such that (a) the codes for digits are
consecutive and in numerical order, (b) the codes for lower-case letters
are consecutive and in alphabetical order, and (c) the codes for
upper-case letters are consecutive and in alphabetical order.

Through the use of make-character-code, character codes can be
represented code-set-independently. For example, [{(make-character-
code 'tab))}, in LISP or LMS notation, represents the code for a tab
character, in any code set.

(make-character character-code)

converts character-code into a single-character atomic symbol. The
character-code operand is interpreted with respect to a particular
implementation-dependent character code set.

(make-LMS-atomic-symbol atomic-symbol)

converts atomic-symbol to the corresponding LMS atomic symbol.
(This would be an identity operator if it did not map LISP’s nil into
LMS’s "nil".)
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(normal-spellingp aromic-symbol)

1 determines whether or not atomic-symbol is normally spelled, and
returns t or nil accordingly. In many implementations of LMS, this
operation is very quick to perform when atomic-symbol is being used
to represent a global label.

(make-global-label-assignment global-label object)

assigns the global label represented by global-label, an atomic symbol,
to object, superceding any prior assignment of the label. The
global-label operand must have the same spelling as the global label it
represents, and thus must be normally spelled.

(look-for-global-label object known-to-be-a-node?)

looks for a global label assigned to object. If object is a node and such
a global label exists, the atomic symbol having the same spelling is
returned; otherwise, nil is returned. If known-ro-be-a-node? is non-nil,
object must be a node.

(list-global-labels assignment-selection-predicate? alphabetize?)

returns a (possibly empty) list of atomic symbols representing global
labels, arranged in alphabetical order if alphabetize? is absent or
non-nil. The elements of this list represent, without duplication, all
global labels assigned to objects in memory that pass the following
selection test: a global label passes if assignment-selection-predicate? is
absent or nil or if assignment-selection-predicate? applied to the
assignment of the label returns a non-nil value. A non-nil assignment-
selection-predicate? must be "funcallable” with one operand. Note that
the second operand of list-global-labels is optional, as is the first
when the second is not present.

4.5 Operators Pertaining to Numerically Labeled Concepts

Numerically labeled concepts are canonical representations of numbers
as concepts. As might be expected, every numerically labeled concept
has a numeric label (in fact, arbitrarily many numeric labels, since a
numeric label may have arbitrarily many leading zeros). A numerically
labeled concept represents the number expressed by its numeric labels.

No particular details of the specializations that name numerically
labeled concepts will be provided here. However, it may be assumed that
the canonical ordering of positive-integer-labeled concepts corresponds to
numerical order.
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To do arithmetic and comparison operations on numerically labeled
concepts, convert them to atomic numbers first. For example, to
determine whether two numerically labeled concepts m and n
representing small integers differ by less than ten, do, in MACLISP,

(< (abs (- (make-atomic-number m) (make-atomic-number n))) 10).2

Note that atomic numbers, though relatively economical’®, may not, for
reasons of uniformity, be used as ilks, ties, cues, genuses, specializers, or
attached objects in concepts-only or nodes-only zones. But note that
atomic numbers can be attached to nodes as values.

Within an LMS-based system, one might find, in addition to atomic
numbers and numerically labeled concepts, many other forms of
representation for numbers; in fact, one might find many different forms
of representation for numbers as concepts.

(numerically-labeledp node)

determines whether or not node is a numerically labeled concept, and
returns t or nll accordingly. Note that the operand must be a node.

(numerically-spelledp aromic-symbol)

determines whether or not atomic-symbol is numerically spelled, and
returns t or nil accordingly. For a precise specification of the syntax

of numeric spellings, see the appendix entitled "BNF Summary of LMS
Notation".

(make-atomic-number numerically-labeled-concepr)

converts numerically-labeled-concept into an atomic number. This
atomic number may have existed previously, but the mere existence in
memory of a suitable atomic number to return does not ensure that it,
rather than some newly created equivalent atomic number, will be

returned. In many implementations of XLMS, this operation is trivial
to perform.

23 Note that numbers in LISP notstion in the source text for LMS modules are
interpreted in base ten by defsult.

26 In XLMS, numerically labeled concepts are roughly sn order-of-magnitude
costlier 10 create and keep in memory than are stomic numbers,

.
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(make-numerically-labeled-concept atomic-number)

converts alomic-number into a numerically fabeled concept. This
operation can be costly to perform, especially when the concept to be
returned does not already exist in memory.
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Appendix I - BNF Summary of LMS Notation

In the variant of BNF used below, terminal symbols appear in
boldface. Curly brackets enclose optional or repeatable items, where
absence of a suffix means optional, an * suffix means optional or
repeatable any number of times, and a + suffix means repeatable any
number of times.

LMS-notation-as-LISP-expression ::=
square-bracketed-expression | absorption-form

square-bracketed-expression ::=
complex | [subject] | [trivial-itemization]

complex ::= [subject body-of-complex]

absorption-form ::= .
[% subject {body-of-complex}] | [% trivial-itemization]

subject ::= expression | *primitive-tie-letter | attachment-relation-name
body-of-complex ::= {{attachment-specification} expression}+
expression ::= unit-expression | equation | non-trivial-itemization

equation ::= side = side |
global-label = (ilk-expression#tie-expression ) |
global-label = (genus-expression *)

side ::= item | non-trivial-itemization

non-trivial-itemization ::= {item ,}+ item | fitem ,}+ ...
trivial-itemization ::= item,

item ::= unit-expression | order-insensitive-itemization
order-insensitive-itemization ::= {unit-expression &}+ unit-expression

unit-expression ::= root-expression | double-quoted-spelling |
anaphoric-abbreviation | computational-expression

root-expression ::= label | delimited-expression

delimited-expression ::=
square-bracketed-expression |
(ilk-expression?tic-expression cue-expression) |
(genus-expression specializer-expression)
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ilk-expression ::= label | delimited-expression | anaphoric-abbreviation
tie-expression ::= primitive-tie-letter | root-expression
primitive-tie-letter ::= letter
cue-expression ::= expression | trivial-itemization
genus-expression ::= expression
specializer-expression ::= expression | trivial-itemization
anaphoric-abbreviation ::=

{:3+ | root-expression{:}+{instance-specifier}
instance-specifier ::= root-expression | double-quoted-spelling | u | U
computational-expression ::= ILISP-form

attachment-specification ::=

attachment-relation-name | reverse-attachment-specification |
two-way-attachment-specification | #

attachment-relation-name ::= attachment-relation-name-root

reverse-attachment-specification ::= attachment-relation-name-root#

two-way-attachment-specification ::=

attachment-relation-name-root#tattachment-relation-name-root |
#attachment-relation-letter attachment-relation-letter

attachment-relation-name-root ::=
attachment-relation-letter |
normal-character normal-character {normal-character}+

attachment-relation-letter ::= letter
label ::= global-label | local-label
global-label ::= normal-spelling
local-label ::= $Snormal-spelling

double-quoted-spelling ::=
"normal-spelling{"} | ™{character-in-spelling}*"

character-in-spelling ::= ™ | any-character-but-double-quote
normal-spelling ::= {normal-character}+

normal-character ::= letter | digit |- ]. |’
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letter ::= lower-case-letter | upper-case-letter
lower-case-letter == a|b| .. |z
upper-case-letter == A |B|..|Z

digit :=0|1]..]9

spelling ::= label | double-quoted-spelling |
attachment-specification | primitive-tie-letter

opening-delimiter ::= [ | (
closing-delimiter ::= ] |)
connective = = |, | &
numeric-label ::= numeric-spelling

numeric-spelling ::= integer-speiling | number-with-decimal-point |
number-in-scientific-notation

integer-spelling ::= {-}{digit}+
number-with-decimal-point ::= {-}{digit}*.{digit}+

number-in-scientific-notation ::=
number-with-decimal-point e integer |
number-with-decimal-point E integer

As a general rule, at least one space-or-equivalent must appear between
adjacent spellings, and any number of space-or-equivalents may optionally
appear before or after any terminal character that is nor part of a
spelling. Exceptions to this rule are: (a) a space-or-equivalent may not
appear after an *, within a [%, or between components of an anaphoric-
abbreviation; (b) at least one space-or-equivalent must appear before a
bare " or before a ! that is not immediately preceded by an opening-
delimiter or a connective; (c) at least one space-or-equivalent must appear
before a : that is not immediately preceded by an opening-delimiter, a
connective, or the root-expression in an anaphoric-abbreviation; and (d)
at least one space-or-equivalent must appear after a : that is not
immediately followed by an *, a connective, a closing-delimiter, or an
instance-specifier. Note that any number of space-or-equivalents may
appear before an ¢, in conformance with the general rule.

The syntax given above is not quite complete and precise, in that: (a)
LISP-form, space-or-equivalent, and any-character-but-double-quote are
left undefined; (b) no rules are given for space-or-equivalents before or
after LISP-forms; (c) a trivial-itemization can appear before the ] of a
complex or, in some contexts, as a side (of an equation); (d) an item
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terminating a non-trivial-itemization cannot be the label ...; and (e) a flﬁ

root-expression appearing as an instance-specifier cannot be the lalel u or
uU.
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Appendix II - The MACLISP Implementation of XLMS

The MACLISP implementation of XLMS may be invoked in ITS?’ by
typing either XLMS~K or :XLMS followed by a carriage-return. After
XLMS has announced its version number and has printed an asterisk, the
user may proceed to enter forms online as he or she would to the
read-eval-print loop of LISP.

Square-bracket-delimited expressions representing concepts, sequences,
sequence fragments, nodes, dummy nodes, or attachment relations may be
typed online, because such objects "evaluate to themselves" in LISP.
Such an object is printed online as a square-bracket-delimited expression
that normally reveals the object’s immediate constituents, its labels (if
any), and selected objects associated with it (e.g., attachments on it).
Thus, to "examine" such an object, a square-bracket-delimited expression
representing it need only be typed online.

If a negative "fixnum", -, is typed online, the nth previous object
printed online will be reprinted. If a positive fixnum n is typed online,
the most-recently-printed nth component of a square-bracket-delimited
expression will itself be printed online.

In typing LMS notation, the user may sometimes find that the "rubout
processing” provided by XLMS (perhaps inherited directly from
MACLISP) does not appear to be functioning properly. When a problem
of this kind is encountered, the safest procedure is to abort the reading
process by typing a ~G, thereby restarting the read-eval-print loop.

The failure to define a label can cause unforeseen difficulties in code
not designed to deal with dummy nodes. Therefore, the following two
“online operators" are typically used as a matter of course during the
development of a knowledge base.

(ugl)

returns a (possibly empty) list of atomic symbols representing all global
labels that have been used but not yet defined. This list is arranged in
alphabetical order and contains no duplicates.

21 ITS is the operating system used on M.LT.'s ML, Al, and MC machines, all of
which are modified PDP-10s.
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(defugl)

causes all global labels that have been used but not yet defined to be

given (permanent) default definitions. (A default definition is a

concept whose ilk is default-definitlon.) Immediately after this has

been done, it is possible to determine quite straightforwardly whether ;
any labels have previously been given “"cyclical" definitions; defugl »

does this, and issues a warning if any cyclically defined labels are
found.

XLMS-based systems are normally constructed vsing LSB. See the LSB
manual [3] for how to: set up an XLMS-based system using LSB, format !
a source file (for a2 module), compile a module, load the system, etc. f
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